gave access to larger quantities of interstitial fluid (4, 13, 14) . gave access to larger quantities of interstitial fluid (4, 13, 14) . (27) and Davies (9) on 5-1u1i1 cylindrical gels. A 5 % spacer gel (pH 6.7) and a 75 % running gel (pH 8.9) were used. After clectrophorcsis for 2 h (4°C 150 V) either ainido-Schwartz or brilliant blue staining wcrc used, and after 24 h destaining the gels were photographed and the photographic negatives were scanned.
G13)"osc'minoglyccrn con tent. Samples of capsular fluid and blood plasma were treated according to the following: 150 ~1 each of 11 diffcrcnt capsular fluid samples and 5 differcn t plasma sainplcs wcrc freeze-dried.
Remaining capsular fluid was pooled and freeze-dried.
The former samples were digcstcd for 8 h at 65°C with 20 ~1 papain (EC 3.4.4.10, 2 'X crystallized;
Sigi ua Chemical Company) in 1 ml of digestion buftr (0.1 n/l phosphate bufl'er, pH 6.5, containing 50 mY/I Na?-EDTA and 5 hi,\/1 cystcinc-HCl). This was followccl by precipitation with 10 % trichloroaretic acid, dialysis overnight, precipitation with 4 vol of ethanol for 48 11, and finally ccntrifugation at 4-,000 X g for 1 h and freeze-drying.
From each sample, half of the crude glycosa minoglycan (GAG) pcllc t was hydrolyzed in a boiling water bath for 8 h in 6 h/l HCl; this was followed by freeze-drying overnight and quantitative hexosaruinc deteruiina tions with the' Elson-Morgan reaction as described by Antonopoulos et al. (2) . The remaining half of the crude GAG pellet was used for hexuronic acid dctcrminattions according to the method of Bitter and Muir (3). The pooled capsular fluid sample was digested as above but in 2 1111 of the digestion buffer. /'wsswe wgistrdons. The pressure within the capsules was rcgistcrcd via a saline-filled nccdlc conncctcd to a finccaliber iuercurv U-tube manometer.
RlCSUI,TS Figure 1 shows the loose connective tissue lining the interior wall of the capsule. The connective tissue thus pcnctratcs the holes and forms this lining, but within the central parts of the capsule a fluid pool always rcrliaincd without any ingrowth of formed connective tissue. In Table 1 the potassium, sodium, and chloride contents of the capsular fluid, tissue fluid, and strum are given. As can be seen from Ta blc 1, the potassium con tent of both tissue fluid and capsular fluid was signilicantlv (I' < 0.001 and 1' < 0.05, rcspc'ctively) higher than 'that of serum. The potassium content of the tissue fluid was also signihcantly (1' < 0.01) 1 ii r lcr Al than that of the capsular fluid. A similar dill ercncc conrcrning sodium also existed. Only the sodium content of tissue fluid, howcvcr, was significantly (I' < 0.05) h gl i 1cr than that of scruiu. Concerning chloride, the rcvcrsc distribution was observed with higher serum values than those of capsular fluid or tissue fluid.
The fluid values in Table  1 differences in the levels of the electrolytes. To exclude such variations, the average intraindividual ratios were calculated as given in Table 2 together with absolute differences in milliequiv%lents per liter. The exclusion of the interindividual variations gives highly significant (P < 0.001) differences in potassium distribution and significant (P < 0.01) ones for the sodium distribution between the fluids. The total protein content, determined with the Folin phenol reagent technique using albumin as a standard, was 2.5 g/100 ml (SD zk 0.16; n = 5) for capsular fluid as compared to 5.9 g/100 ml (SD f 0.15; n = 4) for plasma. This difference was highly significant (P < 0.001). The above method was not feasible for the minute quantities face of lining on top. Note spar&y of vessels. Magnification. A, X 50; B. x 500.
of tissue fluid available. Albumin:globulin ratios as well as total protein content from all three compartments were, however, obtained through electrophoretic separation as shown in Table 3 . The total protein content of tissue fluid was significantly ,(P < 0.01) lower than that of capsular fluid. The albumin :globulin ratios of the two fluids were similar, but considerably higher than the corresponding value for plasma ( 1.98).
The above results show that the potassium and sodium contents of capsular fluid as well as of tissue fluid are higher than the corresponding plasma levels. The content of anions such as protein and chloride, on the other hand, is considerably lower in the two extravascular fluids. This indicates that there must be some other anion in the capsular and tissue fluids for electroneutrality.
Since the extracellular space is known to contain GAGS which at physiological pH have a high negative-charge density, it was considered necessary to determine differences in GAG distribution.
A preliminary screening test, using application of small volumes of the fluids as dots onto cellulose acetate strips followed by Alcian Blue staining, was carried out. Such stainings showed higher contents of stainable material in capsular fluid than in tissue fluid, while only minute quan- tities were detectable in the plasma samples. As Alcian Blue is considered to be a specific stain for GAGS, quantitative and qualitative analyses were performed on capsular fluid and plasma. The results are given in Table 4 . The hexosamine content of capsular fluid was significantly (P < 0.001) higher than that of plasma. As hexosamine is a component of other substances such as, e.g., glycoproteins, a determination of glycuronic acid was performed. In this case a considerably higher difference between capsular fluid and plasma was obtained.
The molar ratio between hexosamine and glycuronic acid in the capsular fluid was 1 .O: 1 .O, which indicates that the major part of the hexosamine-containing material is derived from GAGS. In plasma both the total hexosamine content and the relative glycuronic acid content were much lower, which shows that the GAG content in plasma is comparatively small and that the major source for the hexosamines of plasma thus seems to be glycoproteins.
The qualitative GAG analysis of capsular fluid resulted in hexosamine-containing material only in the first two eluting solutions; 30 and 70 %, respectively, of the hexosamine amount recovered. The recovery range was 89-lOl %, and the mean recovery was 98 % (n = 5) of the material applied to the columns. keratan sulfate, its presence would be highly improbable in this material.
The albumin -1311 studies were performed to get some functional exchange characteristics between plasma and the two different types of fluids. The results are shown in Fig. 2 . The usual at least two-phase type of slope for the disappearance of albumin -1311 from plasma was observed. The exchange to the capsular fluid was slow and after 6 h only only 0.62 % of the simultaneous plasma activity was recovered. The exchange to the tissue fluid was much faster and already after 2 h the corresponding recovery was 6.8 % as compared to 0.20 % for capsular fluid after the same time period.
The pressure registrations showed a negative pressure, on the average -2.9 cmHs0 (SD rt: 0.93 and physiological properties are at hand explaining a participation of the interstitial space in the homeostasis' of the tissues. Part of the functional characteristics of the interstitium seems to be governed by the content of nondiffusible aggregates of macromolcculcs such as glycoproteins and proteoglycans. The latter substances have isoelectric points at pH 2-3 and arc, thcrcforc, negatively charged at physiological pH, constituting a considerable fixed net negative charge in the interstitiurn. The concentration and degree of aggregation of such nondiffusible colloidal material will affect the physiochemical characteristics of the interstitiurn and affect the distribution of all other diffusible cations and anions. As a result of physiochemical studies combined with approaches to the submicroscopic organization of the ground substance, Catchpole et al. suggested that the interstitial phase is a heterogencous system. At least two phases, i.e., one "colloid-rich, water-poor" phase and one " colloid-poor, water-rich" phase, seem to coexist. These two phases are in functional equilibrium with each other. On the basis of this interstitial "two-phase system" hypothesis, it mav be suggested that the organization of the studied interstitial'phase is schematically according to Fig. 3 . In Fig. 3 , A represents the colloid-rich, water-poor phase more in contact with the structural components of the connective tissue, i.e., different types of fibers and membranes.
This phase contains a highly aggregated, To what extent do the experimental data of the present study agree with the above-given hypothesis concerning '( true" tissue fluid and capsular fluid? It may be assumed that during the sampling of tissue fluid mainly the colloidpoor, water-rich phase, being more movable, is collected, while in the case of the capsule, a fluid with a relatively homogeneous glycosaminoglycan distribution will be obtained. The GAG-specific Alcian Blue staining of equal volumes of the two fluids, as compared to plasma, is in agreement with such a diflerence.
The content of stainable material is much higher in the capsular fluid than in the inter- Already 7-10 min after injection labeled albumin appears in the thoracic lymph, indicating a passage through interstitial spaces (31). Equilibrium time between plasma and lymph is in the range of 7-13 h. In the cutaneous tissue an equilibration time of 13 h has been reported (30) and also a two-phase distribution in agreement with different equilibrium rates for the colloid-poor, water-rich and the colloid-rich, water-poor phases. In the present studv the exchange rate of albumin-1311 was very low to the capsular fluid. After 2 h the demonstrable activity in the interstitial tissue fluid was 34 times higher than that in the capsular fluid. Assuming that the albumin that has disappeared from plasma during the 2 h is relatively equally distributed within the extravascular space, one may calculate the approximate volume of distribution.
In the case of interstitial tissue fluid an extravascular space 4.7 times that of the plasma volume was obtained. This figure agrees rather well with accepted physiological dimensions of the volume of the interstitial phase. These results also indicate that the tissue fluid obtained with the liquid-parafin cavity technique cannot be influenced to any significant extent by transvascular exudation caused by the sampling procedure (19). Corresponding calculations using the capsular fluid activity after 2 h yields an interstitial phase volume 160 times that of plasma volume, indicating that the capsular fluid pool is far from equilibration at this point. The capsular fluid can thus not be considered to participate sufficiently rapidly and actively in exchange processes to be representative of real interstitial tissue fluid.
Although the capsular fluid does not represent an entirely inactive collection of fluid, the present results indicate that factors such as capillary density per unit volume of fluid, , lack of submicroscopic organization of the ground substance, and large distances to actively metabolizing cells make it an insufficient approach for functional studies of the interstitium. The fluid sarnpled with the liquid-parafhn cavity technique seems more suitable for such studies. A major drawback is, however, the very small quantities obtainable. On the basis of the presented evidence and discussion, it is our conviction that the tissue fluid obtained with this latter technique is representative of the colloid-poor, water-rich movable phase of the interstitium, and that this is the fluid which most truthfully corresponds to the concept of interstitial tissue fluid. This work was supported by grants from the Swedish Medical Research Council (Project B74-17X-127-10) and from Gijteborgs LZkaresZllskap.
